Aims To compare the newly devised fluorescein angiography (FA) -guided indocyanine green angiography (ICGA) with conventional ICGA for detecting feeder vessels in subfoveal choroidal neovascularization (CNV). Methods The detection of feeder vessels was attempted in 86 AMD patients with subfoveal CNV: 44 (age 70.474.5 years) underwent conventional ICGA (control group) and 42 (age 70.974.0 years) underwent an FAguided ICGA (FA-guided group) using a double-detector scanning laser ophthalmoscope (SLO). In the control group, indocyanine green (ICG) was injected simultaneously with fluorescein. The patients were instructed to gaze forward localizing the fovea at the centre. In the FA-guided group, fluorescein sodium was injected a few minutes prior to ICG, and the patients were instructed to fixate in the appropriate direction by referring to the ongoing FA on the monitoring screen. In both groups, a 201 visual angle was used to capture good images of feeder vessels in ICGA and, in case ICGA missed the first images of the entire CNV filling, an additional injection of ICG was given in the late phase to record the choroidal filling again. The overall detection rate, singleinjection detection rate, double-injection rate and examination time were analysed using Fisher's direct exact probability test or MannWhitney's U-test. Results There was no significant difference in the overall detection of feeder vessels between the two groups (50% in the control group and 52.3% in the FA-guided group; P ¼ 0.49 with Fisher's direct exact probability test). However, in the FA-guided group, the single injection detection rate was significantly higher (45.1 and 15.9%, respectively; Po0.001 with Fisher's direct exact probability test); significantly less double injections were required (7.1 and 50%, respectively; P ¼ 0.003 with Fisher's direct exact probability test); and significantly shorter examination times were needed (9.673.7 and 14.176.8 min, respectively; P ¼ 0.02 with Mann-Whitney's U-test). Conclusion FA-guided ICGA is effective for detecting feeder vessels of subfoveal CNV, minimizing the amount of ICG injected and the examination time compared to conventional ICGA.
Introduction
Exudative age-related macular degeneration (AMD) is a major cause of legal blindness in developed countries. Photocoagulation of the entire choroidal neovascularization (CNV) is a treatment option for exudative AMD, with efficacy proved in large randomized control studies performed by the Macular Photocoagulation Study Group. [1] [2] [3] However, most CNVs extend to the subfoveal lesion, and permanent central visual loss is inevitable immediately after the photocoagulation. The poor natural history of subfoveal CNV and the limitations of conventional photocoagulation therapies have prompted the search for alternative therapies, such as macular translocation surgery, 4 ,5 radiation therapy, [6] [7] [8] photodynamic therapy 9 and feeder vessel photocoagulation therapy. [10] [11] [12] Several investigators have reported favourable outcomes from feeder vessel photocoagulation. High-contrast indocyanine green videoangiography (ICGA) using a confocal scanning laser ophthalmoscope (SLO) with a high magnification (201 visual angle) is best suited to the capture of images of feeder vessels. [10] [11] [12] [13] However, because of the narrow visual angle of SLO and the unpredictable localization of CNV together with the blurring of images due to involuntary eye movements of the patients, ICGA often misses images of CNV filling, which usually occurs in the early phase of the angiography, and fails to detect feeder vessels. In such cases, the ICGA landmark method 11 is sometimes helpful for acquiring images with an additional injection of indocyanine green (ICG), referring to the later stage ICGA image as a landmark. The ICGA landmark method requires more ICG and a longer examination time than usual angiographies. Although the adverse effects from ICG do not appear to be dose dependent and ICG is relatively safe in ophthalmological setting, 14 the additional ICG may pose stress in the patients, since the adverse effect of ICG is considered to occur in a dose-dependent manner in cardiovascular examination. 15 Simultaneous fluorescein angiography (FA) and ICGA on separate monitoring screens became possible with the advent of an SLO with a double detector system. 16 To obtain images of feeder vessels in the early phase more efficiently, reduce the amount of ICG to be injected and shorten the examination time, we performed ICGA using FA as a landmark (FA-guided ICGA), taking advantage of this SLO with the double-detector system.
Patients and methods
A total of 86 consecutive cases of AMD with newly diagnosed subfoveal CNV classified according to the definition of the Macular Photocoagulation Study 1 were recruited to the study from the outpatient clinic of Tokyo University Hospital between June 1999 and June 2001. FA and ICGA criteria for subfoveal CNV included evidence of leakage from CNV, extending under the centre of the foveal avascular zone. Cases with polypoidal choroidal vasculopathy, diagnosed from the ICGA findings, were excluded from this study. Patients were randomly assigned to a control or FA-guided group. In all, 44 patients were examined with the conventional ICGA (control group) and 42 patients with FA-guided ICGA (FA-guided group) ( Table 1) .
Control group
For simultaneous FA and ICGA, the fovea was localized centre of the monitoring screen using infrared imaging with a 201 visual angle and instructing the patients to fixate their eyes, and 12.5 mg. of ICG (Dianogreens, Daiichi pharmaceutical) diluted in 5 ml of 10% fluorescein sodium (FLUORESCITEs injection, Alcon, Japan) was injected into the antecubital vein as a single bolus followed by a 5 ml saline flush. FA and ICGA images were simultaneously recorded using the SLO (Rodenstock, Ottobrunn-Riermerling, Germany) at a 201 visual angle in the early phase on digital videotape. After a few minutes, the images were captured at a 401 visual angle to confirm the entire image of the CNV. Analysing the ICG angiograms recorded on the digital videotape by repeatedly viewing appropriate image segments, the feeder vessels were detected based on the dye filling of the choroidal vessels in the vicinity of the abnormal vessel growth. The diagnostic criteria of feeder vessels did not include umbrella configurations, in which filling occurs from the inside of the CNV. When ICGA missed the early phase of the filling, additional ICG was injected in the FA-guided IA for detection of feeder vessels in CNV Y Yanagi et al later phase (usually about 25 min) after the background fluorescence had decreased enough to gain high-contrast images. While the patients were instructed to fixate so that the entire CNV was located centre of the FA and ICGA monitoring screen, additional ICG (12.5 mg in 5 ml saline) was injected to record the early ICGA images again.
FA-guided group
A volume of 5 ml of 10% fluorescein sodium was injected into the antecubital vein as a single bolus, and FA images were recorded with a 401 visual angle. At 2-3 min after the injection of fluorescein sodium, the FA images were analysed on the monitoring screen and the entire CNV lesion or the lesion under which the CNV is suspected (the presumed CNV lesion can be detected by a 'notch sign' or 'oozing' in the FA) was located. Thereafter, the patients were instructed to fixate in an appropriate direction so that the CNV lesion could be located in the centre of the FA monitoring screen with a 201 visual angle. Then, 12.5 mg of ICG diluted in 5 ml of saline was injected into the antecubital vein as a single bolus followed by a 5 ml saline flush. The early-phase images were monitored with a 201 visual angle on screen and recorded on a digital videotape. Keeping the CNV image at the centre of the screen of FA allows the initial ICG dye filling of the CNV to be recorded at the centre of the ICG monitoring screen (Figure 1) . After a few minutes, the images were captured with a 401 visual angle size to confirm the entire image of the CNV. Similar to the control group, the feeder vessels were detected based on the dye filling of the choroidal vessels in the vicinity of the abnormal vessel growth. In case ICGA missed the entire image of the CNV filling in the early phase, additional ICG was injected as described above to regain images of choroidal filling.
Results
There was no significant difference in age between the two groups ( Table 1 ). There was no significant difference in the overall rate of detection of feeder vessels between the two groups (50% in the control group and 52.3% in the FAguided group; P ¼ 0.49 with Fisher's direct exact probability test). The single injection detection rate was significantly higher in the FA-guided group (45.1%) than the control group (15.9%; Po0.001 with Fisher's direct exact probability test). The additional injection of ICG was significantly less required in the FA-guided group (7.1%) than in the control group (50%; P ¼ 0.003 with Fisher's direct exact probability test). The examination time was significantly shorter in the FA-guided group (9.673.7 min) than in the control group (14.176.8 min; P ¼ 0.02 with Mann-Whitney's U-test). The frequency of complications was not significantly different between the two groups. 
Conclusion
Our results show that the overall feeder vessel detection rate with the conventional ICGA landmark method (50%) and FA-guided ICGA (52. 3%) is comparable with the results of Shiraga et al (22%), 11 Straurenghi (86%) 12 and Piermarocchi (22.4%). 17 Notably, using the FA-guided method, feeder vessel detection rate after a single ICG injection (45.2%) was almost equal to the overall detection rate using conventional ICGA (50%; P ¼ 0.47 with Fisher's direct exact probability test). We failed to detect feeder vessels in the following cases: first, if the vascular meshwork of CNV was not apparent in the early phase and the entire CNV became apparent only in the late phase; second, if the entire CNV was filled simultaneously or the filling started from the inside of the CNV presumably because the feeder vessel was under the CNV; third, if the CNV was too large to capture an entire image of the filling on the monitoring screen at a 201 angle. However, considering that feeder vessel photocoagulation therapy is effective for small CNV but has limited effect for large CNV, 11 it is important to detect feeder vessels in small CNV in current practice.
Although the adverse effects from ICG do not appear to be dose-dependent and ICG is relatively safe in an ophthalmological setting, 14 adverse effects of ICG occur in a dose-dependent manner in a cardiovascular examination.
14 Whether complications are less frequent with the FA-guided ICGA than the conventional method awaits further study; however, our results show that FAguided ICGA has advantages with respect to the amount of ICG injected and examination time. An alternative way to reduce injections of ICG is to use FA to localize the CNV lesion. Then, the lesion can be localized at a 201 visual angle size in ICGA. However, the simultaneous injection of fluorescein sodium and ICG itself is not associated with an increase in the rate of complications and the advantage of simultaneous angiography has been well established. 16 Thus, we believe that the FAguided method has advantages over the ICG landmark method and the method using FA as a landmark.
In conclusion, FA-guided ICGA is an effective method of detecting feeder vessels of subfoveal CNV, requiring less ICG and time than conventional ICGA.
